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EPHEMERIS DATA AND ERROR ANALYSIS IN SUPPORT 
OF A COMET ENCKE INTERCEPT MISSION 

ABSTRACT 

Utilizing an orbit determination based upon 65 observations over the 1961 - 1973 
interval, ephemeiis data were generated for the 1976-77, 1980-81 and 1983-84 
apparitions of short period comet Encke. For the 1980-81 apparition, results 
from a statistical error analysis are outlined. All ephemeris and error analysis 
computations include the effects of planetary perturbations as well as the non- 
gravitational accelerations introduced by the outgassing cometary nucleus. In 
1980, excellent observing conditions and a close approach of comet Encke to the 
earth permit relatively small uncertainties in the cometary position errors and 
provide an excellent opportunity for a close flyby of a physically interesting comet. 
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1. INTRODUCTION 


. The Comets and Asteroids Scientific Working Group, working in an advisory 
capacity to NASA, has recently recommended that the 1980 apparition of comet 
Eneke be considered the principal target of opportunity for a space probe to a 
comet. Comet Encke has been selected as the prime target because 

1. It has been observed at more apparitions than any other comet 

2 . Its orbit is considered well known and predictable 

3. It passes within 0.3. a. u. of the Earth in 1980, and 

4. It is still, a reasonably active comet. 

Recently, a great deal of effort has been expended studying the scientific rationale, 
appropriate instrumentation and optimum mission modes to Comet Encke in 1980. 

A significant portion of these studies rely upon ephemeris and error analysis 
data of the comet. A direct comparison of different mission strategies has been 
difficult because various studies have employed different ephemerides and error 
estimates of the target comet. It is hoped that the present document will form 
a consistent basis for future studies of a comet Encke intercept mission in 1980. . 
Although additional future observations of comet Encke will neces sitate slight 
modifications to this data, it is certainly sufficient for preliminary mission 
planning studies. While an outline of this error analysis has appeared previously 
( Farquhar et al, 1974), the present document gives a more rigorous treatment 
of the subject. 

II. HISTORICAL EVOLUTION OF IDEAS CONCERNING NONGRAVITATIONAL 
FORCES AND COMET ENCKE 

Comet Encke was discovered as a naked eye object by Mgchain during the evening 
of January 17, 1786. In 1818 Johann Encke demonstrated the orbital similarity 
of the comets of 1786, 1795, 1805 and 1818. The first precalculated apparition 
was in 1822 when Dunlop (Australia) recovered the comet on June 2 according 
to Encke's ephemeris. As early as August 1820, Encke suspected an acceleration 
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in the mean motion of this comet and he later postulated that the comet moved 
under the influence of a resisting medium, the retarding force being propor- 
tional to the square of the comet's velocity and inversely proportional to the 
square of its heliocentric distance (Encke, 1823). Encke investigated the 

motion of the comet that bears his name over the interval 1786-1858 and es- 

2 

tablished a secular acceleration of 0. 1 day per (period) . Upon Encke’ s 
death in 1865, Asten (Pulkovo) took over the work on comet Encke and his 
troubles began almost immediately. Post 1868 returns of comet Encke im- 
plied that the secular acceleration of this comet was no longer equal to the 
value during the 1786-1858 interval. Asten made an entirely new study of 
this comet’s motion from 1819 to 1875. His inability to represent the motion 
of comet Encke after 1868 led him to suggest a near collision with minor 
planet (78) Diana as a possible cause of this comet’s apparently discontinuous 
behavior. Asten ’s enormous amount of work on comet Encke for 13 years 
and his concern over his inability to successfully represent its motion after 
1868 led him to an early death at age 36; the same year his research was 
published (Asten, 1878). Oskar Backlund, also from Pulkovo Observatory, 
then took over the work and like Asten recomputed the perturbations from 
1819. Backlund (1884) concluded that the observations from 1871 to 1881 could 

be explained in terms of a constant secular acceleration but with a value of 

2 2 
0. 05 days per (period) instead of the previous 0.1 days per (period) . 

Backlund (1910) later indicated that further sudden decreases in the secular 

acceleration had occurred and concluded that the motion of this comet was 

affected near perihelion by meteoric collisions of short duration. Makover 

(1955, 1956) also assumed that impulsive forces acting at perihelion were 

responsible for the secular acceleration and noted that during the 1937-1954 

interval the values had again decreased from what it was in Backlund’s time. 

Marsden (1968, 1969) investigated the motion of comet Encke over the interval 

2 

1927-1967 and found a secular acceleration of 0. 03-0. 05 day per (period) and 
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attributed the nongravitational forces to outgassing from the icy-conglomerate 
model for the cometary nucleus (Whipple, 1950). 

Assuming that a cometary nucleus is a collection of volatile ices existing in 
a coherent structure, the ices will sublimate primarily in a sunward direction. 
The sunward outgassing would then cause a nongravitational acceleration in 
the antisolar direction (case b of Figure 1). If the nucleus is rotating (either 
in a direct or retrograde sense) the time lag between maximum, solar flux 
received and maximum outgassing will produce an in-plane, transverse, 
nongravitational acceleration component perpendicular to the Sun-comet direc- 
tion. It is this transverse component that most seriously affects the long term 
orbital behavior of short period comets. If the cometary nucleus is rotating 
in a direct sense, the transverse, nongravitaticnal acceleration acts in the 
direction of the comet's motion, the comet spirals away from the Sun, the 
orbital period increases and the comet’s mean motion is said to be decelerating 
(case a of Figure 1). If the nucleus is rotating in a retrograde sense, the 
transverse, nongravitational acceleration acts contrary to the comet's motion, 
the comet spirals in toward the Sun, the orbital period decreases and the 
comet’s mean motion is said to be accelerating (case e of Figure 1). This 
iast case applies to the observed behavior of comet Encke, and it demonstrates 
why Johann Encke attributed this comet’s behavior to an interplanetary resist- 
ing medium; a resisting medium would also cause an acceleration in comet 
Encke ’s mean motion. However, an interplanetary resisting medium would 
not explain the deceleration in mean motion observed for some short period 
comets. 

Using an empirical relationship, Marsden (1969) successfully modeled the 
nongravitational accelerations acting on several short period comets. Later 
this empirical relationship was replaced by a representation of a theoretical 
plot of water snow vaporization flux versus heliocentric distance (Marsden, 
Sekanina and Yeomans, 1973). While the former empirical relationship was 
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Depending upon the direction of nuclear rotation, the outgassing cometary volatifes introduce a secular deceleration 
(case a) or a secular acceleration (case c) in the comet's mean motion. If the cometary nucleus is not rotating (case b|, 
oniy a radial nongravitational acceleration is introduced. 


Figure 1. Origin of Cometary Nongravitational Accelerations 



as successful as the latter mathematical model, the latter enabled a more mean 
ingful comparison of the nongravitational parameters for different comets; 

the nongravitational parameters represent the relative- mass-loss rates for- 

the various short period comets. In the preliminary investigations , the mag- 
nitude of the transverse nongravitational acceleration decreased with time 
for several short period comets. This is what would be expected if the comets 
were slowly exhausting their volatile ices. However, beginning with comet 
Giacobini-Zinner (Yeomans, 1971), it was noted that, for some comets, the 
magnitude of the transverse, nongravitational acceleration increased with 
time, hi order to explain the diverse, secular behavior of the transverse, 
nongravitational component, Marsden and Sekanina (1971) proposed two types 
of cometary nuclei, a completely ice model and a solid core-ice mantle model. 
The solid ice model would display a secular increase in the nongravitational 
forces as the surface to mass ratio increased. The more fragile solid ice 
model would also be more easily affected by outside inf luences (such as 
asteroidal collisions) and would presumably explain the erratic orbital be- 
havior of some short period comets. The solid core-ice mantle model of a 
cometary nucleus would display a secular decrease in the nongravitational 
forces as the volatile ices in the outside mantle were exhausted. Unlike the 
solid ice model, the solid core would remain in existence (perhaps as an 
asteroid) even after the volatile nuclear ices were exhausted. While secular 
variations could be explained in terms of secular changes in nuclear radius, 
density and albedo, it is extremely difficult to explain the behavior of some 
comets in terms of intrinsic changes in the icy-conglomerate model of the 
cometary nucleus. For example, the secular acceleration of comet Pons- 
Winnecke has evolved into a secular deceleration while for comets Faye 
and Kopff, the reverse is true (Marsden, 1970; Marsden and Sekanina, 1971; 
Yeomans, 1974). For the latter case, an interpretation in terms of intrinsic 
changes in the icy-conglomerate model for the cometary nucleus requires 
an initial direct rotation of the nucleus with a secular decrease in nuclear 
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outgassing and is followed by a retrograde rotation of the nucleus with a 
secular increase in nuclear outgassing. 

Perhaps a more feasible explanation of the phenomena permits the rotation 
axis of the cometary nucleus to precess. The rotation axis may have pro- 
cessed through the orbit plane of the comet; the transverse nongravitational 
component would decrease toward zero, pass through zero and then increase 
away from zero. The phenomena is explained without resorting to exotic 
changes in the intrinsic composition of the comet's nucleus. While some 
secular changes in the nongravitational forces of short period comets are 
undoubtedly due to intrinsic changes of the nucleus itself, it may well be that 
these are long-term variations superimposed on the dominant effects due to 
the orientation of the nuclear rotation axis . 

Ill MATH MODEL AND COMPUTATIONAL PROCEDURE 

Equations of motion similar to those used by Marsden, Sekanina and Yeomans 
(1973) have been employed in the present undertaking. Two nongravitational 
acceleration terms have been added to the standard equations of motion and 
the complete vectorial equation is 


+ H* + A 1 g(r) r + A 2 g( r ) T 


where 
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The scale distance r (2. 808 a. u. ) is the distance beyond which the nongravi- ” 

o 

tational acceleration drops very rapidly. The exponents m, n and k equal 

2.15, 5.093 and 4.6142 respectively. The normalization constant oe (0.111262) 

is set so that g(l) = 1 . The acceleration is given in astronomical units 
4 2 

per (10 ephemeris days) ; U is the product of the gravitational constant and 
the mass of the Sun, and R is the planetary disturbing function. The unit 

A 

vector r is directed outward along the radius vector while T is in the orbit 
plane and advanced 90° from the radius vector. An acceleration component 
normal to the orbit plane has been found to have a negligible effect upon the 
orbital motion of short-period comets (Marsden 1969; Yeomans 1971). If one 
assumes that the nongravitational forces perturbing the orbits of some comets 
are due to the rocket effect of outgassing volatiles from the icy-conglomerate 
nucleus (Whipple 1950), the form of the nongravitational terms represents an 
empirical fit to a theoretical plot of water snow vaporization flux versus 
heliocentric distance. A discussion of the nongravitational terms has been 
given in some detail in the work of Marsden, Sekanina, and Yeomans (1973). 

The numerical integrator is a ninth-order predictor-corrector scheme (summed 
ordinate form) running at 1/2 day time steps (Henrici, 1962). At each step, 
attractions of all nine planets are taken into account. Planetary and solar co- 
ordinates are read from magnetic tapes and integrated variational orbits were 
used in the differential correction procedure. The numerical integration, 
formation of residuals, and differential correction were programmed in double 
precision (15 significant figures) for the IBM 360 computers at the Goddard 
Space Flight Center. 

The observations at each apparition were chosen to include as large an ob- 
servational arc as possible with the various observations spread uniformly 
over that arc. When a large number of observations were available for a 
particular apparition, preference was given to those from a planned series 
using larger telescopes. 
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IV. COMET ENCKE ORBIT DETERMINATION AND EPHEMERIDES 

Marsden and Sekanina (1974) have analyzed the orbital motion of comet Encke 
from its discovery in 1786 until 1971, Differential corrections were generally 
made over 13 year intervals, an interval long enough that the nongravitational 
parameters become significant and short enough that they can be regarded as 
constant. Although the radial nongravitational parameter was poorly de- 
termined, their paper graphically illustrates the secular evolution of the trans- 
verse nongravitational parameter (Figure 2). After reaching a maximum 
around 1820, the value of A^ has decreased toward zero. Marsden and 
Sekanina note that while A appears to be approaching zero, the value of A 

td u 

may pass through zero around the year 2020 and attain a maximum positive 
value of about +0.001 by the year 2075. 

As a check upon his own work, the present author has repeated a portion of 
the analysis by Marsden and Sekanina (1974). The observations of comet 
Encke from 1937-1973 have been utilized for five separate differential correc- 
tions. The values of the nongravitational parameters A and A are presented 
in Table 1. Within the given mean errors, the orbits labeled 1, 2 and 4 agree 
with similar orbits determined by Marsden and Sekanina (1974). The entries 
in Tables 2 and 3 represent an attempt to compare observed and predicted 
times of perihelion passage (Table 2) and perihelion distances (Table 3). In 
each table, the first column represents the observed time interval over which 
a particular differential correction was made. The second and third columns 
give the number of observations employed in each differential correction and 
the mean of the absolute values of the observational residuals (in the sense 
observed minus computed). Columns 4-12 give the times of perihelion passage 
(Table 2) and perihelion distances (Table 3) for each particular interval. For 
example, in Table 2, line 1, columns 4-8 give the observed times of perihelion 
passage for 1947, 1951, 1954, 1957 and 1961 while the remaining times of 
perihelion passage (columns 9-11) are predicted (extrapolated) outside the 
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Table 1 

Nongravitational Parameters for Comet Encke* 


— 

Observation 

Interval 

Number of 
observations 

Mean 

Residual 

A ! 

A 2 

1937-1951 

49 

2,03" 

-0,03 ± 0,01 

-0,00811 ± 0,00006 

1951-1964 

75 

1,33" 

+0,03 ± 0.01 

-0,00582 ± 0.00005 

1 

1954-1967 

68 

1,28" 

+0,02 ± 0,01 

-0,00527 db 0.00005 

1957-1970 

81 

1,77” 

+0,02 ± 0,01 

-0.00475 ± 0.00002 

1961-1973 

65 

1,57" 

0,00 ± 0,01 

-0.00430 ± 0.00005 


Each orbit (1-5) represents a differential correction employing the given number of observations 
spread over the given observational interval. As a result of the differential correction, the 
radial and transverse nongravitational parameters (A^, Aj) and their mean errors are determined 
and the final corrected orbit fits the observations to an accuracy given by the mean of the 
absolute value of the “observed-computed” residuals. 
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Table 2 

‘ ' Comet Encke 

Observed and Predicted Times of Perihelion Passage 


Observed 

Interval 

No. of 
obs. 

Mean 

resid. 

1947 

Nov. 

1951 

March 

. 1954 
July 

1957 

Oct. 

1961 

Feb. 

1964 

June 

1967 

Sept. 

1971 

Jan. 

. 1974 
Apr. 

:1,97 7 
Aug. 

1980 

Dec. 

' 1984 
Mar: 

i 

1947-1961 

76 

1.63 " 

26.32771 

16.20639 

2.51788 

19.84902 

5.59452 

3.48639 

22.04696 

9.95477 



’ - 

’} 

1951-1964 

75 

1.33 


16.20842 

2.5180? 

19.84869 

5.59494 

3,48951 

22.05469 

9.96845 

28.9703? 




1954-1967 

68: 

1.28 i 



2.51998 

19.84886 

5.59500 

3.49099 

22.05903 

9.97727 

28.98501 

16.97977 



1957-1971 ! 

81 

1.77 




19.84937 

5.59419 

3.49046 

22.06044 

9.98221 

28.99491 

16,99603 

6.55148 

: 

1961-1974 

65 

1.57 





5.59477 

3.48950 

22.05935 

9.98232 

28.99754 

17.00248 

6.56310 

27.65721 


Table 3 
Comet Encke 

Observed and Predicted Perihelion Distances (in A.U.) 


Observed 

Interval 

No. of 
obs. 

Mean 

resid. 

1947 

Nov. 

1951 

March 

1954 
July . 

1957 
Oct. r 

1961 

Feb. 

1964 

June 

1967 

Sept. 

1971 

Jan. 

1974 
Apr, . 

1977 

Aug. 

1980 1 

Dec. ; 

1984 

March 

1947-1961 

76 

1.63 1 ' 

0.3410319 

0.3380089 

0.3384086 

0.3381187 

0.3390047 

0.3392511 

0.3381997 

0.3388910 





.1951-1964 

75 

1.33 


0.3380127 

0.3384123 

0.3381221 

0.3390085 

0.3392561 

0.3382050 

0.3388965 

0.3381216 




1954-1967 

68 

1.28 



0.3384116 

0.3381211 

0.3390075 

0.3392548 

0.3382038 

0,3388953 

0.3381204 

0.3406577 



1957-1971 

81 

1.77 




0.3381260 

0.3390125 

0.3392600 

0,3382089 

0.3389005 

0.3381256 


0.3399416' 


1961-1974 

i. . . . 

65 , 

1.57 





013390115 

0.3392593 


0.3388998 

0.3381250 

0.3406622 

0.3399411' 

0.3410024 









observational range (1947-1961). Carrying this example further, the first 
predicted time of perihelion passage (1964 June 3.48639) is compared with 
the entry directly below it (1964 June 3.48951) which is the observed or actual 
time of perihelion passage in 1964. Strictly speaking, any of the 4 times listed 
below the 1964 June 3.48639 date is an observed time of perihelion passage in 
1964; they all are within their respective observational intervals. By compar- 
ing each predicted time of perihelion passage with the observed times of peri- 
helion passage, a systematic correction is noted whereby the predicted and 
observed times of perihelion passage can be brought into agreement. This 
empirical correction and its standard deviation is 

AT = +0.00423 ± 0.00094 days 

This empirical correction (AT) is required to allow for the secular decrease 
in A . hi other words , by not mathematically modeling this secular decrease 
in , each predicted time of perihelion passage is underestimated by +0. 004 
day. In a similar fashion, the empirical corrections to the time of perihelion 
passage required for predicting 2 and 3 apparitions ahead are +0.013 and +0.03 
day respectively. These empirical corrections for predicting 1, 2 and 3 ap- 
paritions ahead (+0. 004, +0.013, -K). 03 day) are similar to the values (+0.005, 
+0.015, +0.03 day) obtained by Marsden and Sekanina (1974). The differences 
between the predicted and observed values of the perihelion distance do not 
exhibit any systematic effects so that no single empirical correction is suitable 
for this parameter. The range of these Aq corrections is (0.6 - 8.9) X 10 a.u. 
or 90-1335 km. This result will be used as a check on a priori errors in 

t 

the next section. 

Tables 4, 5, 6 give ephemeris information for comet Encke in 1977, 1980 
and 1984. In each case, orbit number 5 in Table 1 was used; the appropriate, 
empirical AT correction has been added to the time of perihelion passage. 
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Comet Encke Ephemerides 1976 - 1984 

- 

-- - - - 

Tables 4, 5, 6 

Explanation of tabular entries 

1 . 

Ephemeris table 



J. D. 

Julian date 


R. A. 1950 Dec. 

Right ascension and declination referred to mean 
equator and equinox of 1950.0 


R. A. Date Dec. 

Right ascension and declination referred to mean 
equator and equinox of date 


DELTA 

Geocentric distance of comet in A. U. 


R 

Heliocentric distance of comet in A. U. 


TMAG 

Total magnitude =11.5+5 log A + 10 log r 

Due to an apparent decrease in intrinsic luminosity, 

the post perihelion values for TMAG may be 

optimistic 


NMAG 

Nuclear magnitude = 16.5 +5 log . A + 5 log r + 0.03 
BETA 


THETA 

Sun- Earth- comet angle in degrees 


BETA 

Sun-comet- Earth angle in degrees 


LAT and LONG 

Heliocentric, ecliptic latitude and longitude in 
degrees, referred to 1950.0. 

2. 

Orbital elements 



The perihelion passage time is given as a calendar date and as a Julian 
day number. 


Q 

Perihelion distance in A. U. 


E 

Eccentricity 



SOMEGA 


Argument of perihelion 


LOMEGA 

I 


Longitude of ascending node 
Inclination 


Angular elements (SOMEGA, LOMEGA, I) are given in degrees, and are 
referred to the mean ecliptic and equinox of 1950 .0. 



Table 4 

Ephemeris for Comet Encke (1976“1977) 


v« 

1976 

1976 
X976 
1 976 
1 976 
1976 
-1976- 
1 976 
-1-976- 
1 976 
1-976 
1976 
4.976- 
1976 
-1-9 7 6 
1976 
1 976 
1976 
4-976— 
1976 
1976 
1976 
4-97 6 

1976 
44477 

1977 
1977 
1977 
1-9-77 
1977 
4-97 7 
1977 
4-977 
1977 
4-977— 
1 977 

1-9 77 

1977 

I 97-7— 

1977 

4-97-7— 

1977 

1977— 


MN DV 

8 30 

-9 -A- 

9 9 
-9 14 
9 19 
9-24 
9 29 

1 0—* 
10 9 

10 14 

10 19 

I 0 2-4- 

10 29 
11 - 

I I a 

I 113- 

11 1 8 

II 2 3 

11 28 
12 3 

12 e 

1 2 -1-3- 
12 18 
12 2-3- 
12 26 
l _„4- 
t 7 
1 1 2 - 
1 17 
*1 22 - 

1 27 

2 1 
2 6 
.2 14 - 


■ HR R. A . -1-9 SO d 

0.0 2443020.5 23 46.751 

-Q+0-- 2 4430^SV 5-^23 -4 1 .6 & 5 

0.0 2443030.5 23 36.325 

0.0— - 244 3635.-5^ -23- 3-0-^7S3 — - 
0.0 2443040.5 23 25-061 

-0.0“ — 244-3 045.5—23 PSuSSO 

0.0 2 44 3050. 5 23 13.729 

0.0 2443060. 5 23 3.165 

-0.0 — 24A306S.-5~2.2- 
0.0 2443070.5 '22 54.069 

...<U-0 2AA307S^5 22— 5 0. 244— 

0.0 2443080.5 22 46.953 

-2A43085. 8—Z2 4 4.2 4 7 
0.0 2443090.5 22 42.120 

0.0 — 24A3X)J95^5..2 2-4 0^S7S 
0.0 2443100. 5 22 39.609 

2-AA3 1 05. 5-22- 37^2-06- 
0.0 2443110.5 22 39.356 

- 0 ^0 2A434AS^S-72-A0.-0-a7_ 

0.0 2443120.5 22 41 .191 

-4W1- 2443-1-2 5. 5 -22 -u 
0.0 2443130.5 22 44.892 

0-+C-- 244 3135 .5- .2^-A7-^37_9_ 
0.0 2443140.5 22 50.255 

0.0 2443150.5 22 57.066 

■■-0^0 2A431SS.-5-23 0. 955- 

0.0 2443160.5 23 5*141 

O . 0 244- 3 165 . 5 - 2 3 9 *60-9- 

0.0 2443170.5 23 t4.34l 

-1 9.3 1-9— 


O DEC-. 

4 11. 

—3— AS., 


— ft-.—A-. 


97 

70 - 


23 48, 
27 47, 


1 14 
OA7 


ATE- — -DEC .• 

4 20. 86 
3 5 7 . 19 


-D CC - T -A 3— 


_TA4 AG NMA G WS4A- 


BE TA 


2.6549 3.6068 19.19 21.59 157.18 

-7. 6 Q 9 6—7.-5 6 63 19 . 1 3 2 1 . 50 163-.Q7 


0.0 


2443180.5 23 24*531 
85. 5 23 


3 21* 

- 2 53*. 

2 22 . 

— 1 5 A. 
I 1 9. 
0-47 


95 23 37.569 

31 

89 2 3 26.425 

26 — 2 3 2 0-.7-1-S- 
10 23 15.096 


6.23 
-A. 70- 
3.15 
1.86- 


3 30*82 2 . 5721 3.5654 19.07 21.41 168.77 

2 31*71 2.5219 3.5220 18.98 21*30 173*66 1.81 

2— O-.-05 2-* 5095^3*^906^-1^. 0 4 21 * 3 1 169*08 3*4-1- 

l 27.8b 2.5054 3.4766 18*91 21.34 163.27 4.76 

0 a 5 * 7 0 2^. 5 0 9 5^3^7 5 3 2 - 1 8.88 2 1 . 3 8 ~ 1 57 » 17 6.4 5- 


7. AT COHO 

3.6 352.5 
3.9 352.8 
3.9 353.1 
-A.- Q — 353. 4— 


4.0 353.7 


4.2 


354, 

754, 


1 • 30* 

1 50. 


2 7. 

— 2 — 20*. 
2 30. 

2 41. 
- 2 41-*- 


07 22 55*443' 

72— 22-54^6 17- 
64 22 48*337 

29 22 43.502 - 


0 24.49 2.5213 3*4293 18.86 21.43 

• as 21*48- 
^ 99 18. 84 21 , 53 


151 .03 
1 44 *- 9 0 


6. I i 

-9^7-0 


33.48 2.5659 


1 22 . 12 


2 * 6344 
-2. 6756- 


3*37 
3. 
3.32 
■ 3 .3a 


84 16.83 21.63 

IS 1 6. 82 2.1 *6-8 - 


138*84 11.18 

t 1-2.55- 

127.03 13.78 

121 .32 14.87 


1 56. S3 
-2_i-2 *-31— 


2.7205 
2 .7 65 1- 


3. 27 
3. 2 4 


89 22 40.994 

67 22-4C 

13 22 40.744 


- 2 22*44 


2 32*68 
-? 3 2. SB 


2.8179 
.8 6 90- 
2.9208 
2. 97 24 


3.2 

3 . 19 . 


47 16.32 21.72 
70-1-8^8 3 
88 18.63 21.81 

00 1 8.8 3 21*84 


115*75 15.81 


3*1 6 
3. 13 


06 18.83 21.87 

0 6 1&^B 2 21.8 9 


•■8 9 . 9 4 18*35 


4*3 355. 0 
_A.4— 355.3 
4.4 355.7 

4.6 356.4 
-4.6 356.X 

4.7 357.1 

4.6 357.8 
4.9 358*2 
5.0 358.6 
5-*J — 358.9- 


2 

- 2 

1 


1. 40 
.,42- 

22 42.580 

22 AAo £10- 

- 2 
m 2 

29.92 3.0234 

-23 *-91 3.07 34„ 

3.1000 
-i 6 ns 

18. 82 
1 A - A | 

21 . 91 

PI . Q1 

85. 1 B 

Art ^ 

1 8.46 

\ A t AR 

s.i 

359.3 

, 48 

22 

46.231 

- 2 

14.94 3.1211 

3.0370 

18.80 

21.93 

76.0 0 

18.32 

5.3 

0.2 

♦AS- 

-2-2- 

-4-8 .763 

-—2 

— 3-.-X0 3 .1668- 

T f nn A=. 

1 A ^ 7A PI .Q1 

71 A ft 

1 a i | n 

5 

6.6 

12 

22 

51 .643 

- 1 

48.52 3.2098 

2.9714 

18.76 

21.93 

67 *26 

1 7.77 

5.4 

1*0 

>.--95- 

22- 

54 .330 

“ 2 

3 f ^_j>g T,^p7 

2 . p ? 77 

18.7-4 

-21 . 92 — 

^ t f> A 

-4 7.36 

- -5.5 

1*5 


1 20.25 

■ 0 . 58. 13— 
0 33* 67 
-O- 6.-9 

0 21*91 
-0-52* 

1 25.79 
• 0* 66 


22 58**53 - 

23 2*342 =_ 

23 6.523 - 

23 15.725 

.7-05^ 

23 25.917 
-2 3 -31. 3-53- 


1 1 1 . S5 

-Q 4 9 .39- 


3.2860 2.9032 
3*3186. 2. fi6-&.L- 


18,71 21.90 


58.92 16.86 


5.6 


1.9 


0 24.89 
i , 

0 30.78 
-3 U74- 


3.3472 2.8322 


3.3911 2.7594 


1 34.74 
—2 9.64 


18.64 21.65 
-LB.-6 0-- 
18.56 21.78 
18. 51 21* 7 3 

3.4161- 2, 6815 18.45 21,68 
-3.4 2 lc 


■ »ft4 

1 PQ 

—5.7 

2*4 

1.94 

1 5.65 

5.8 

2*9 ‘ 


14. 914 

h - a 

7.1 

1.30 

14. 17 

6.0 

3.8 

L.61- 


6 . 1 

A. A 

i.99 

12.48 

6.2 

4,9 

-.4 5- 

1 1.56. 

—6,3 - 

S*4 — 


2 

1 6 

0.0 

2443190.5 23 35.627 

2 

37.40 

23 

3?„ 

0 14 

2 

46.42 

3 .4213 

2.6016 

18.32 

21.57 

28.99 

VO. 61 

6.4 

6. 

0 

-2 

-2 1 — 

o.a-^ 

-244 3 195.-5--23- 4-t-§~4-99 

— 3 

15. 98 

— 23- 

-4-A. 

sas..- 

3- 

_25-. Q4— 



I A , ? 5 


PA - ^ ^ 





2 

26 

0.0 

2443200.5 23 47.577 

3 

56. 31 

23 

48. 

965 

4 

5 . 37 

3.4060 

2.51 82 

18*17 

21 .42 

22.32 

8.59 

6*6 

7. 

2 

3 

_ 3 . 

0.0 

244 1205. 5 -23— 53. 8 5_8 

4_ 

-33. 34 . 

— 23- 

-5-5* 

.2.43 

4- 

A7 .A? 

3.3905- 

-2.A7-5.3- 

1 8^ OO 

? i „ 

-19. 13- 

7.54 

6*7 

J7-A 

£_ 


8 

1 3- 
18 
23 
28 
— 2— 


0.0 

_a*.o~ 


o.o 

0 . 0 - 


0.342 


1977 

1-977- 

1977 


4 7 

4 l 2 — 
4 17 


0 .0 


2443210.5 0 

-24A321 5. 5 0- 

2443220.5 0 1 3.938 
2 1 . 0 62— 

2443230.5 0 28.412 

-2AA3235. 5 Q 

2443240.-5 0 43.839 


5 22.04 
—6 — 7. 38... 

6 54.34 

7 4 2 . ft Q - 


1.735 


5 31 . 12 

_!6.-4-6-^A6_- 


3.3699: 
-J3 ^34-42, 


2.43 14 
2. 3 8 6 6 


0.0 — 2AA37A5.-5 0-51.-056. 

0.0 2443250.5 1 0,372 


8 33. 00 


10 17,84 
U * 2, 


0 15.337 
— 0 22.464. 
0 29.31? 

0 3 7^-4.11 ■ 


7 3.41 

7 Si - qa 


3*3135 


S 42.03 


3.2370 
-3. . 19 15 


2.3409 

2. 24 64 
2. 1976 


18.00 21,26 
-17. 90- 
17.80 21.08 

17,57 20.89 


16,04 

1 

10.30 4,36 

7 *8? .3.3 9- 

5.90 2.62 

5*09 2 .-31- 


7.0 

,_7AL 


9.8 
X0.^_ 
7.3 11.3 


0 45.257 
— 0 -53.3-84- 


10 26.78 

1 1 21 .4.A- 


3*1414 

-K r Ci A ftp 


2. 1477 
2.-0 9A7- 


17.31 20.73 
17-16 


5*75 
-J7-.4 1 


2.68 


7.5 

-xJz- 


12 8.85 1 1.305 12 17.64 3.0279 2.0445 17,01 20.60 9.49 


L2.9 
X1.8 _ 


7,8 14.7 



Table 4 (continued) 

Ephemeris for Comet Encke (1976-1977) 


1977 

4 

. 2 2 

— 0 . 

244 3255.-5 

- 1 Q. 1 1 h 

1 3 


1 

1 0* =157 


1 5- 36 

2 .9 649 

1.9910 

1 6- 05 

20* S3 

11 .72 

88 

B *JQ... 

+5.6 

1977 

4 

27 

0.0 

2443260. 5 

1 18.217 

14 

6. 01 

1 

1 9. 6 66 

1 4 

14.60 

2.8979 

1 .9363 

16.68 

20.46 

13.96 

7*20 

8. 1 

16.6 

1 Q77 

.5 

2 

_0 

2443265.5 

l ? 7, 71 6 

\ 

6 t 87 


29. 1 70 

1 5 

1 5 *32 

2*8273 

1.8003 

1 6. 50 

20-39 

16+ 6 

. 0. 5ft 

e+3 

17.7 

l 977 

5 

7 

0 .0 

2443270.5 

1 37.663 

16 

9. 23 

1 

39. 1 37 

1 6 

17.54 

2 .7532 

1 .32 23 

16. 31 

20.30 

18.28 

10.00 

8.5 

is. a 

J_g77 

5 

1 2— 

0-.0 — 

_2-AA3_2JZS...5 

\ 4P,.nft 

1 7 

1 3- 09 

t 

4 9 , fa Q 6 

\ 7 

21.22 2*6761 

_1 * 76 30 16*1 0 

-2CL.2+- 

_ 20 _.22_ 

11.47 

8.6 . 

20*1 

1977 

5 

1 7 

0 .0 

2443280.5 

1 59.150 

18 

1 8. 37 

2 

0.653 

1 S 

26.29 

2*5961 

1 .7035 

15*09 

20. 12 

22.23 

12*98 

6.8 

21.4 

-1-97.7 

_5 

„22 

0,0 

-244-2235.# 5 

2 0.-837 

ic? p a - na 

2_ 

1 p. |jt;7 

1 9 

3 2+66 

2*5136 

1.64 15 

1 5.65 

20 . 01 

24.02 

14.54 

9.0 

22. B 

1977 


27 

0 .0 

2443290.5 

2 23.274 

20 

32.72 

2 

24.813 

20 

40*13 

2.4290 

1 *57 77 

15. 41 

1 9.90 

25. 64 

1 6. 14 

9.2 

24.3 

1 977 

-6- 

1 


2*14 ?qc;. 

P ^A t R77 

p i 

4 } T 14 

2 


p i 

* 42 

2-3427 

! . 51 22 

1 6, 1 4 

t 9* 7 0 

27.0 9 

1 7* 7fl 

9.4 

25.9 

1977 

6 

6 



0 .0 

2 443300. 5 

2 50.887 

22 

50. 43 

2 

52.467 

22 

57 • 14 

2.2552 

1.4448 

14.86 

19.65 

28 .34 

1 5.48 

9.6 

27*7 

1977 

6 

1 t— 

0 , ft 

^2.44.3 30.5 *.6 

3 A - .3 6 Q 

?3 

59* 39 


7.974 

p A g .67 

2*1670 .1 * 37 54 

+4* 56 

19. 5.1_ 

_29 • 3.6 

_21*_22_ 

. 9,. 9 2.9..7L 

1977 

6 

16 

0 .0 

2443310.5 

3 23*216 

25 

7.33 

3 

24. S45 

25 

1 3. 10 

2.0786 

1 . 3 0 39 

14.24 

19. 36 

30*12 

23*02 

ID. 1 

31.9 

197.7 _ 

_6 

2 1 

o.* o 

244 33.1 5._5 

3 4+. 646 

2 6 

1 2* 9? 

_3_ 


26 

iR.in 

1 .99 1 1 

1 .2301 

13.89 

19.19 

30 .58 24. 65 

10 a _4_ 

34.4 

1 977 

6 

26 

0.0 

2443320.5 

4 1.911 

27 

14. 24 

4 

3. 5 94 

27 

18.74 

1 .9049 

1.1539 

1 3. 52 

19.01 

30 .6 3 

26*71 

10*7 

37.2 

1977 

7 

1 

0.0 

2443325. 5 

4 24.292 

28 

3. 62 

4 

26.001 

28 

12.31 

1 -B212 

1 .0752 

13*12 

18.82 

30.39 

28.58 

10.9 

40.3 

1 977 

7 

6 

0.0 

2443330. S 

4 49*083 

28 

52*31 

4 

50.314 

23 

55. 00 

1 .74 10 

0. 9938 

12.68 

18.60 

29.63 

30.39 

11*2 

44. 1 


1977 

1977 


7 1 1 
7 I 6 


J977 7-2 1 

1977 7 26 

-1 9-77 T -3-1 

1977 6 5 

1977 6 10 

1977 8 15 

1 977 0-20 

1977 0 25 

-+977 8 — 30— 

1977 9 A 

+977 9- 9 

1977 9 1 A 

— 1-9 7-7 — 9 1 9 
1977 9 24 

— +977 9 — 2 9- 


• 0^ 
0*0 
0 * 0 — 
0.0 
- 0 . 0 — 
0.0 
0 . 0 — 
0.0 
o.o- 
0.0 


2443340. 5 
244+345* 5 

2443350. 5 
244 3+5B.+- 

2443360.5 
- 244 + 365 .- 5 - 

2443370. 5 
244-33 75 . 5 - 

2443380. 5 
2 A 4 33 05 .- 5 - 


5 16*556- 
5 46.918 
-6—28^246-- 


- 29 2 0.-: 

29 26 . 07 
-29 +-W-53— 


6 56.442 

7 3 5 .2- 1 - 2 - 


5 48.674 29 26.56 1.5966 0.9229 11.67 16.10 

-6 -£*.9-97 2-9- +.50- -+n. 53-53-+. 7+ 3S^++r09^1 7.78 

6 58.169 27 55.11 1.4634 0.6422 10.43 17*41 

— 7 36. 3 99 36 9 w 9S 1.44 1 6 0 ^- 55 -0 8 9 . 70 16 .9 5 


— 33^06 — 

26.40 33.42 


-+V .5 48.5 

11*7 S3.8 


20.65 33.90 


8 16.123 
- 8— 5 8.6 39 

9 4 1.925 
-10 24,456- 

11 4.867 
- 11 43 . 200 - 

12 20. 1 07 
- 12 — 55*-962 

13 30.755 


27 57.38 
-38 3 . 8 3 

23 1 1.63 8 17.754 23 6.45 1.4101 0.4532 0.90 16.36 11 .55 26.01 

- 1 0- 1 4, 17 9 0*094 1-9 7*-66 1 *3846- 0*38 88 —8. 1-9- 15. 69 — 

14 5.54 1.3566 0.3450 7.54 14.97 1 .39 

— 8 20 . 9- 7 1 . 31 6 5 0 -. 3 5 0 + — - 7 . -54 + 8 -. 87 - ~8 

2 26.34 1.2756 0.4017 8.07 16.29 15.29 


11 . 

++i 


6B. 9 

80 . 1 


14 13*16 

0 2-9,42- 

2 37.31 
- £ 59 . 76 


9 43.427 
-+0 35.903 
11 6.290 

n 4 4 . 6 4-4 


4.oa 


4 1.56 

so ^ ao - 


10.2 95.7 

1.5 146.9 
- 5 * 2 - 179 . 5 - 
- 9.6 207*6 
- 11 . 5 2 2 8 . 3 


0 .0 
0^.0- 
0.0 
a. o 
0.0 
-0-.-G- 


244 3390.5 
- 2443 - 395 * 5 - 

2443400. 5 
- 2 44 - 340 - 5 . 5 - 

2443410. 5 
-+4 4 3 4 15 . 5 


■ 8 11.24 

- 12 — 50 . 30 
-16 51 . 80 


1221 .533 
12—5 7^4 1 - 5 — 
13 32.247 


- 8 20.45 


1.2236 0.5SB7 9.49 17.35 27.42 

1 . 225 4 Q .6 S0 A 1 0. 1 4 17 . 7 0 3 2 . 58 


54.73 

55 .22 


14 3 6 < 
+5 6* 


1 29 
ISO 


-22 54.84 14 3 7.7!3 


-17 0.32 

*55- 

“2 3 2.01 


1.2460 0.7513 10.74 17.97 

t.2036 0.04 02 1 1*2 9 18 . 21 


37.0 6 
AO. 8-5 


1 o 3357 0.9266 11.80 16.42 

1 . 3998 1 . 0 1 01 12 . 27 1 8. 62 


43.67 

46. 1 6 


53.82 

51 .44 

48.62 

4 5 .66 


-11.9 242.9 
^lWa-253.8 
-11.4 261.6 
— 1 -+ . 0—26% . 9 - 


-10.5 273.0 


1977 10 4 

+ 977 — 1 - 0 - - 9 
1977 10 14 

+977 1019 
1977 10 24 
— 1 9 7 7 - - 1- 0 - 2 -9 
1977 IX 3 
-+ 977 — 1 -+ 6 


0.0 
0*0 — 
0.0 
0 . 0 - 
0.0 


15 34,194 

1 6 

16 24.255 
-1-6 46*463 

17 6*979 
- 17 - 2S .- 97 + 


-26 33.53 15 35.S65 -26 39.01 


-28 25. 8S 


1 6 25.985 
16 4 8 . 2 1 -3- 


-28 29.61 
2-4 5 - 7 . 06 


-29 

-29- 


8.93 17 8.741 -29 11-03 


1.4737 1.0909 12.72 18.81 47.75 42*74 

t- .-55 53 — 1 . 4-89+ — 1 3^-1 4 — 1 9-^00- 4 8.7 - 2 3 9 ^- 95 - 

1.6420 1.2448 13.53 19 . 1 ? 49.14 37.30 

■ 4 . 73 4 7 - 1 . 316 1 I 3 . 9 0 -+ 9 .- 34 - -- 49.57 ^ 3 A *. 6 l - 

1 .8 29 B 1.3093 14.24 19.50 48.59 32.48 


0 *0 

0 . 0 - 


1977 

11 

t 3 

0.0 

1977 

11- 

16 

0.0- 

1977 

X 1 

23 

0 .0 

447+ 

-++ 

-28 - 

—0^9 — - 

1977 

12 

3 

0.0 

+97-7 — 1-2 - 

- 

0 . 0 — 

1977 

12 

1 3 

0.0 


2443420. 5 
244 3 42 5 .-5 

2443430.5 

2443435.5 
244344 0. 5 
3 44 3 44 5 . 5 

2443450.5 17 43.607 “29 0.99 17 45.378 -29 9.62 2.0257 1.52 53 14*07 19.00 

-* 4 +? A 9 - 1 -^ 59 - 04 - + 5 . 1 - 5 - ++. 93 - 

18 17.202 -25 41.89 2.2241 1.6536 15.42 20.06 

13--3 1-.6S2- -2 8 2 1.43 2 .3 22 5 1 . 7156 + 5. 6 - 7 2 0 . L 8- 


46.6 1 
4 5 . 1 9 


28.20 

24 *23 - 


-9*6 280*8 
203. 9 
-8.9 286.5 
-8.5 2-88.-S 
-8.2 291.1 
-7*9 -293-* O 
-7.7 294.7 
-~X.4 — 296*3 


24 . 4 , 34 ^ 0.5 18 15.435 -28 42.56 

- 2443465 * 5 — + 6 - 29.892 25 - ,£ 2 . 58 - 

2443470.5 13 43*522 -27 59.53 

- 244 - 34 75^-5 -+ 8 - 56 . 4+9 —27 £ 3 . 7 £ 

2443480.5 19 8.667 -27 5.76 

- 244-34 85 -^ 6 — 1 - 9 — 20.-3 3-7 26 - 36*^02 

2443490.5,19 31.489 -26 4*82 


18 45.274 

1 8 5 8. 1 63 

19 10.400 
-+ 9—22+063- 


2.4198 1.7757 15.91 20.29 


-27 57.73 
- 27 3 - 1 » 43— 

-27 2.98 2.6093 1.8914 16.35 20.49 

- 26 - 3 5+ 79 3 . 70 0 6 — +7472 — 16 . 55 2 - 0 ♦ &8 


43.55 24.35 

-AW7Q— 22*. 54— 
39.69 20.80 

- 37 . 52 1 9 . 4 2 — 


-7.1 297.8 

^=6.9-299.^ 
-6.7 300.5 
- 6 . 5 3 0 1 . 7 


35.22 

- 32*80 


19 33.201 -26 1.16 2*7093 2.0017 16.74 20.67 30.28 


17.49 -6.3 302.8 

+ 6 * 9 + - 6*3 - 303 ® f 8 L 

14*36 -5*9 304.8 


Table 4 (continued) 

Ephemeris for Comet Encke (1976-1977) 


197-7 12— lft 0 *0 --2 44-34 96 *-5 — i_q_^ 2^4^4---~2-5-^-.^43---1-9^ 43 ^&74 *25 28* 36 2*8748 2-*-05A»- 2-0 ♦ 74 -2-7^67 L_2*B5 ?05 o 

1977 12 23 0.0 2443500.5 19 52.421 -24 59.03 19 54.109 -24 54.60 2*9570 2.1068 17.09 20.81 24.98 11.37 -5.6 306. 


THE ABOVE EPHEMFRIS IS BASED ON THE FOLLOWING ECLIPTIC ( 1950*0 ) ORBITAl. ELEMENTS. 

— MM— SLY— HR D. O £ -SCWE-GA — LXJMEG4, l 

\ 

1-977 -8 -1 7- 0 ^2 2-44^-3^3^5-064-6 - 0 ^- 3 4 06 622- -0^-846 47-2-1- -±& 5. 95- 3 4 O - - 3 -34- » 2 - 0 9 44 U. + 92&&3 
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Table 5 

Epbeineris for Comet Encke (1980-1981) 


VP MW DY 
I960 6 1 


-1 9 BO- 
19 80 

—6 3-- 

6 5 

-0*0 

0 *0 

4980- 

- -6 7- 

- 0 * 0 -- 

1980 

6 9 

0*0 

1-980 

-6—1 A -- 

“0-xrO — 

1980 

6 13 

0*0 

1-980 

6 15 — 

-0^0— 

1980 

6 17 

0*0 

1080- 

—6—19 

o-*o — 

1980 

6 21 

0.0 

-1980 

-6-23 

0^0— 

1980 

6 25 

0 

0 

I <-) 30 

6 27 

__o .0 

1980 

6 29 

0*0 

1 900- 

J7 — 1 

O-C0- 

1980 

7 3 

0*0 

-1-980 — -7 5 

0,0- 

1980 

7 7 

0*0 


HP — - - — J-*-D « 

0*0 2444391*5 

24 4439 3^5^- 
2444395c 5 

244-43 . 9? o-5— 

2444399c 5 


— R^-4o — 1-9 50 < 
1 13*152 

_ 1 _ l 5^SX0 

1 17*994 

-1—2-0, 4 2-4 — 

1 22,359 
-4- ' 2 6 .-3Q-0- 


-0 DEXC, 

13 t?o 8? 

- 1 3., - 3 6 *-34 — 


14 32 * 26 


2444403c 5 1 27*747 


2444407 * 5 


4000 7— 4 

I960 7 II 

1900 7 -13 

1 980 7 15 

I960 7-1.7 

1 9S0 7 1 9 

-49 SO -7—2-1- 

1980 7 23 

1 9S0 2—25- 

1 980 7 27 

1 9 80 — X -2-9. 
I960 7 31 

JL-Q.BQ—B -2- 
1980 8 4 

-4980—8 6 

I960 8 6 

. 1980 3 — 10 

1980 8 12 

1980 5 16 

-4-980 8 1B- 

I960 8 20 

-1980 8—2 2 

I960 8 24 

4-9-80—8-2-6- 
1980 8 26 

1 980 5 — 30- 

1900 9 1 


244441 lc 5 
^4-44-41 3 c-5- 
244441 5*5 
^24444-17^-5- 
2444419c 5 
.2444 4 2-1^8- 
244 4 4 23c 5 
24 4 44 2 5a 5 
2444427c 5 
_0_*0_ 244442-9 o 5- 
0 a 0 244 44 31 a 5 

.O-o-O- - 2444433c-5-^ 
0*0 2444435c 5 

0 o 0 — 244443Xc8— 
0 o 0 2444439*5 

__Q-*0 244.4 441-^5 

OcO 2444443*5 
-0,0- 24444 48^8- 

0 0 0 244 4447 o 5 

0^0- 244 4 44-0,5- 

OoO 244445 1*5 

■244.4 4S3, -5- 
244 4455* 5 
24-AA457^5- 


47*516 
-5TU 0 .15— 
52*522 


16 24c 75 
. IS 4 4c 93- 
19 5*27 

-19 ..as^ce— 

19 46*47 
2X1 — Z^34_ 

20 23o 41 
,20-4 9c 69 

21 11*20 

-21 32*94 


— PL* Ao O-AT 

1 14*761 

1 19*610 

_l_^2c043- 
1 24**82 

— 1—26* 95 
1 29 o 3 75 
l 3-1-0-3X34— 


1 39*230 
1 At, 70-7- 
1 4 4 o 1 91 

-1 Aft* 6fll 

1 49*177 
1 54^581 

1 54 cl 92 
- .1 SOo-Z 1 1 
1 59*237 

-2 U770-- 


14 41*76 


— mXA^ 

3*2155 2 0 6 5 49 18*28 

3c 1 779 2* 43<3 Q 18^3- 
3 o 1398 2*6229 18*17 
-3-c-LO. 

3 o 0 622 2 a 5 9 03 I 80 O 6 


BETA — -U44- 

48*53 16.63 6c2 

-49^77 47^07 6o3- 


1 5 57*41 
46 — 1j 

16 3 5 0 80 
1.6 55,-1 5- 


2* 9828 
.2^ 94 25- 
2 *90 1 6 


2 0 B 1 93 
2 c 7775- 


2*7354 

2 a 6Q30 


2* 5572 
2.5405 
2*5236 
-2-C-5085- 
2*4393 
2*4720 
2*4546 
2, 4 3 7 0- 


21*55 

-82 

17*95 21*49 
l7o89 ?W46 


21*60 51*02 17*50 

4-7,93- 
53*51 16*37 

SA,7S — 46*^80- 


17*33 
17^-77 
17*71 
17* 65. 
17* 5S 
17^? 


21*43 
21 * . 3 9 
21*36 
21 * 32- 
21*29 
-24-o 2 5- 


55 *99 

58*46 20*07 

59*70 2 0^4-9 

60*93 20*91 

62*16 21*3 2 

63*39 21*73 


4*311 


17 5 3* 89 
-L3 1 3 * 73- 

18 33*71 


19 14*13 

19 55* 22 
-20 16 *04- 


2 0 4 1 92 17*45 21*21 65*84 22*55 


-6,7- 


6*8 


2*3832 17*32 

0 -36i 
2*3466 17*17 


21 * 05 
2.u>aa 


2 23.215 
-2 2 5* e 3 8 — 


, 0 2444459*5 

s-0 - — 244446 1.5 
a 0 244 4463* 5 

*XL , 2444465* S_ 


2 20 e 4 76 
-2 31*129- 
2 33*798 
_2 — 3.6 * 4 83— 
2 3 9*187 
.2 — 4 1 .-94-1— 


2 44. 656 

_ 2 4 7 .4-24- 


21 54.94 
£2—47,23- 

22 39* 80 

J23 2*_70 

23 25* 95 
,23- 4 9 * 5 a- 

24 1 3. 60 

25 2* 90 

-25 2 8* AO- 

25 54*36 

P/s ao 


2 14*552 
2 1-7 .135 
2 19*723 


20 3 7 o 05 
-20- 5 a*-27- 

21 19*71 
21 Al,4fU 


2 2 4 *943 
2 2 7*5-73 _ 
2 30*222 
2. . 3 2 * 9-3-t — 


22 3*33 

-22 2 5 o-55. — 
2 2 48*06 
2.3 10* 90 — 


2 * 3 88 B 2*3094 17.03 20.% 

2,344.4— 2,29 06 16*9 5 2 0 . 91 

2*2999 2*2716 16*87 20*86 
2*25 5 2 2 * 25 24 1-6,79-20,81 
2*2104 2*2331 16* 71 20*76 

>3 20-a 

2*1204 2*1938 16*54 20.65 

2*0302 2*1539 16*37 20*54 


68*29 

23*35 

6*9 

9*1 

ftO.RI 

76 

-7.0_ 

9,4 

70,73 

24* 14 

7.0 

9*7 

71 *^5 

_24, 53- 

7 o-l — 

-1-0, 0 

73,17 

24. 92 

7, 1 

10*3 

-JZ.4,39— 

-25,3 0 

7 c-3 

-10.6- 

75*60 

25*68 

7*2 

1 0.9 

76 # t 

nft 

7©3 

IK? 

78*0 3 

26*43 

7*3 

11*5 

-J79.2 4 . 

-2-6, ao 

_ .71,4 

11 ,& 


82*65 
_84, 0 5 


23 34*07 
2 3 57 * 63- 

24 21*58 
A5.96— 

25 10*81 
Z5— 36-. 15- 


2 46*443 
? 4 9 .-2.19 


26 2*03 


1*9397 2*1133 16,19 20,42 

_L. 8 9 4 4 2* 09 27 16 n0 % .20 . 36- 

1*3491 2*3719 16*00 20,30 

1*7585 2*0298 15*80 20.16 

-X-* 7 1 33 Zo-Q-0&4 45 *7! 0 20, 

1*6681 1*98 69 15*59 20*02 


27*1? 

27*89 
PfU PS 
28,60 
_26* 9.5— 


i2*e 


87 * 63 29.29 7.7 14*2 

» 8 t 29.-6 3_ 7,-8 14,5- 

89*99. 29,97 7*9 14,9 


OcO 2444467*5 
Q-^0 — 2AA4A69* 5- 
0,0 2444471*5 

Q-oXl 2-444.4.73,-5- 

OcO 2444475*5 

,_0 , 0 2444477, 5 

0 *0 2444479* 5 

Q*X4 

OcO 2444483*5 


2 50.219 
- 2—^3,044 

2 55.901 
_ 2 - 5 eu 7 Q 7 _ 

3 1,734 

_3 -A,-7-20— 

3 7*760 

i 8-61— 

3 14*030 


26 46* 07 
.. Z7- 1-5. 9 2 

27 4 4 o 52 
- 2£ 1 3,-93- 

28 44*23 

29 4 7*81 

30 21 * 30 
30 56* 06 


2 52*022 


26 55*56 
2 7 23 *35, 


92*34 

_93c 51- 

1,9431 15*38 19.87 94*67 


2 37,721 
_JJ 0^624 


27 51*86 
-23- -Z J o 18- 
23 51,38 
2.9 2 2 - 0 - 55 - 


1 *3996 
1 » 3554 


1*8985 15,15 19,71 96*96 

1*3530 14*91 19*55 99*21 

1-3POQ 14.7,0—19*46 10 .0 ,3 2_ 


30*64 
10. 9.6- 


32*59 


-.3 — 1-2 0 
3 15*909 


29 54*77 


31 2*31 


1,3066 14*66 19.37 
L4, 

1*7593 14,39 19.1 


101*41 33.23 

■33,56.. 
103*54 33* B9 



Table 5 (continued) 

Ephemeria for Comet Encke (1980-1961) 


1980- 

—9 

3 - 

o.*o.: 

244AA85.5 

— 3_ 

1-7 . 277 

3L 

3 2. 21- 

1 980 

' o 

5 

0.0 

24*4487. 5 

3 

20.612 

32 

9. 91 

1 980 

9 

7 

n T n 

244448Q. 5 

-3 

? 4- 047 

32 

40 * 29 

1960 

9 

9 

0.0 

2444491.5 

3 

27.599 

33 

3 0. 53 


3 19. .1.63 


3 1 3 ft . fife 


>1(3 0 6 1 + 73 5? 1 4 .25 1 9, 06^-104* 


3 22*515 
. 3 ?5 .9ft3 


32 1 6 4 
■ 3 ? 5 3. 


44 

■ ? 0 ._ 


1.1373 1.7109 14. 11 18.93 105. 

1.0950 1*686 4 13 , 97 1 8 .86 1 O h* 


.lJaaO - _ -9—. 1_1 Q_*JD 244A4 <13+S_- 


1 980 

9 

1 3 

0.0 

2444495. 5 

3 

35. 1 27 

34 

59. 42 

1.9 ao. 

9_ 

.3 5 

. o..o_ 

_244 4 4Q7- 5 

_3_ 

3Q* 1 S4 

35 . 

47. 53 

1980 

9 

17 

0.0 

2444499,5 

3 

4 3.399 

36 

3 8. 47 

1-9-80- 

Q 

4.Q.. 

0.0 

2444 501,5 

3 

4v t or>i 

... H.7 


1900 

9 

2 1 

0 .0 

244450 3. 5 

3 

52*712 

38 

30* 16 


3 29.529 

3 37.083 
3 4 1.132. 
3 45.395 
-41 4 9 . 


33 3 6 < 
-3.4 

35 5. 
— 3-5L.5 3 

36 44 


62 1.0527 1.6616 13*82 18*77 107 

1 .0 106 1 * 636 5 1 3 . 6 6 1 8 . 66_X0JB_. 

44 0.9689 1.6112 13*50 18.55 109. 

4J 0 ♦ 927£_1 * 5855— U. 34^_B+AJ_-1JL0+ 

19 



S2 35.31 
44 3S.7Q 

31 3 6.11 

JL4 3.6.54 


0.6868 1.5596 13.17 18. 3l 110. 

18.1 9 li t 


91 

61 


37*01 
3 7.5? 


9.3 

9.4 


24. 7 
25.3 


1.9 £0 —9 23 0.0 24_4450 5. _5_ 3 -5.7*893 


1980 

9 

25 

0 .0 

2444507.5 

4 

3*523 

1980 

9 

27 

0+0.. 

244_A50 9* S 

4 9*699 

1980 

9 

29 

0.0 

244451 1.5 

4 

1 6.550 

1980 

10 

1 

0.0 

2444513. 5 

4 

24.237 

1 960 

10 

3 

0.0 

244451 5. 5 

4 

32.977 

1980 10 

—5- 

— 0 0 0 

244451 7. 5~ 

4- 

4 3 .-Q 6 1 

1 980 

10 

7 

0.0 

2444519* 5 

4 

54*883 



3 54.750 

3 59.955 

4 5.512 
.4 1 1 .313, 


38 35.54 0.8064 1*5069 12.81 13.07 112* 

— 3.9 3.6.. 8 8 0*767 0 1. 490 1 12.63 17.94 112 

40 42.61 0.7281 1,4530 12.43 17.80 113. 

— 4 I 5 3.26 Q_*6B 98 1.4256 1 Z+.Z1 17.67 1 13 « 


24 

_za... 


38. 07 
3Rn 6fl 


9.4; 


26.0 

26.7 


44 2 7.44 

45 56.67 


4 18.703 
4 26. 428 
4 35.212 


43 9 , 

44 3 1 1 

46 0. 


1 980-1-0 9 

I960 10 11 

-1-980 — 1-0 — 13 
I960 10 15 
1-980- -1-0 -47 
I960 10 19 
1 980 1-0 — -2-1- 
I960 10 23 

-1930 -1 0 26 
1980 10 27 
1 980—10 — 2-9 
1980 10 31 
1 980—1-1- 2 

1980 11 4 

1980 11 6 

I960 11 B 
1 980 — 1-1 - 10 
I960 11 12 

1980 H — 1 4 
I960 11 16 

-1-98 0 II 1 8 
I960 11 20 
1980—11- 22 
1960 .11 24 
—1 980 — 1-1- — 26 
I960 II 28 
19 8 0 11 30 

i960 12 2 

1960 -12 4 

1 980 1 2 6 


0-.& 244-452+T-5 

0.0 2444523.5 

O-rO -24445-2-5 r5 

0.0 2444527.5 

Q-,4 244-4529^-8 

0.0 2444531.5 

0+0 -2444-5 3 3-.-5— 

2444535. 5 
3 4 ^ 4.^ 3 g> 
244453 9. 5 
(44 4 54 1+5- 

2444543. 5 

2444545. 5 

2444547.5 

2444549. 5 

2444551.5 
2444553. 5 

2444555. 5 
- 2444 5 57 . 5 




37 0.6522 

57 0.6153 

43 0.5791 


13 0.5096 


1*3976 12.03 17.53 113. 
1*3697 11.81 17*39 113. 

1.3413 11.59 17.25 113. 

1 .2834 U.12 16.96 112. 

- 1 -.- 2 - 5 39 1 0.8 7 16 .8 


99 0.4446 


- 1 H -r 

1.2240 10.62 16.68 110. 

1 * 1937 10 . 36 1 6 . 65 1 0 8* 


39. 36 

53 4 0.1 

71 41.00 

72 42.00 

54 43.14 

12 44.4 8 

44 46.03 

-42— 4 7 .-8 6 - 


7 28.928 

8 

9 14 .686 
10 10.261 


11 0.150 

11 4 1+604 

12 14.707 
4-2 — 4-0* 054 — 

13 1.618 
-4-3 — 1-8.346- 


60 V3.70 
57 * 9 . 96 
53 50.59 
48-3 6.55- 
42 33.06 
-36- 2 4. 59 


30 t 9. 05 


9 17.049 
10 12 * 336 

11 1.967 
-1-1-43. 243 

12 16.244 
- 4-2- 4 2 . -3 -4- 0— 

13 3.091 
13 19 *8 2 0 


72 0.3660 1.1630 

*84 0.3362 1.1005 

, 27 0-.^V58 1 *06-6^- 

.93 0*2992 1.0363 

57 4 0. 80 0 . 38 70 


53 40. 
4 8 26 . 
42 27. 
36 14 . 
30 9. 

2 4 2 6 * 


63 

28- 


0.2798 
0 . 27 84- 


0.9703 
8 . 9 3 6 7 - 


10.09 16.43 105. 
9 . 82 -16. 32 102. 
9*55 16.24 99. 

-9* 29— 1-6+ 1 9 — 94 
9. 03 1 6. 17 89. 

8. Sir- 1-6. 19 83-i 

8.60 16.27 77 


81 55.57 

84 59*13 

13 63.31 

7-0 - 66.17 


- 8*44 16. 38 7 - 0 - 


10 86.58 


78 0.2818 

13 0.3055 

83 0 .3 2 4 6 


0.9026 

- Q +36-8 1 


8.31 16*54 

S o-2-l- 16 * 7 - 2 - 


63 < 
56. 


2444559. 5 
244 4 561 . 6 


13 32.060 
4-3—4 3 * 5-3-3— 

13 53.299 
4-4- 

14 9.418 
1 4 16 . 372 


19 22.66 
-14 4 0 . 7 -9- 
10 29.00 


13 33.545 
- 13 4 5 +026- 
13 54.820 


19 13 
- 4 4 -31 . 


,19 0.3478 


0*8331 B. 1 3 16.91 50 

0 . 7 9 77 6 .QS 17 . 1 0 45 , 

0.7619 8. 03 17*27 40, 

0 . 7 2 5 8 7 . 98 17 .43 3 6, 


45 100*33 
89-106.80 
84 112.64 


77 121.86 

81 12 5. 17 


10 19.94 0.4049 0.6994 


3 23. 02 1 4 1 0* ?79 

-O 21 .-6 5 1 4 1 7. 952 


3 14, 
~0 13 , 


33 

4-3— 


0.4744 0.6160 


0.0 
O+O 
0.0 
o, 
0.0 
-O+Q— 


2444563.5 
.2444565.5 

2444567. 5 
- 24/1 4 5 6-9+5 

2444571.5 
2 444 573 . 5 


14 22.917 
1 4 29 . 270— 
14 35.638 
4 4-4- 2 . 2 32 
14 49.271 
1 4 66.976 


2 23. 18 14 24.517 

_ 4 5 4. 45 1 4 30 . 889 

7 34.71 1 4 37.276 


2 31 
~S 2- 


,54 

>63- 


0.5555 0.5429 
— Q -. 600 5 — 0-. 5Q 7 4- 


7 22.72 0*6486 0.4725 


’ll 30*5 4 
- 13 29 . 1 3 


14 50.950 
1 4 5 8 .675 


-1 1 38 
-4- 3 36 


, 16 

r-50- 


0.7547 0.4094 


7.92 17.56 33. 

1 7.65 30. 

7*78 17.72 26. 

7.57 17.74 25. 

7.44 17.70 24* 

7.30 17.61 23. 

17 .4 9 4*3. 

7.01 17*32 22. 


51 127.57 

>01 — 1-29.^08 
, 64 129.69 



59 128.17 
57 125 * 94 
77 122.64 
12 — 11-8*17 — 
1 55 112.45 


0.0 2444575.5 15 5.555 -15 22.60 

0 .0 24445T7. 5 -1-5-1 5.167 1 7 10. 9 0— 

0*0 2444579.5 15 25.875 -IS 53.26 


15 7.277 -15 29*69 


.35 97.11 

,, 60- -6 7 . 71 

15 27,645 -13 59.67 1.0003 0.3403 6.82 16.49 19.72 77.64 


0.8735 0*3617 


6.79 16*91 
- 6 . 76 16 . 69 


21 « 


11.4 81.2 
— 14 + 0 — 86+9 

10.4 93.5 


4*8 131.0 
— 2 . 3 1 43+2- 
-0.4 156.2 


Table 5 (continued) 

Ephemeris for Comet Encke (1980-1981) 


1980 1-2 — e 

I960 12 10 
+ Q 8 & A 2 — 1-2 
1900 12 14 

• 4 r 90 O - 12— 16 
I960 12 18 
1 - 9 8 0 -12-20 
1900 12 22 

1 ^8 0 -12-- 24- 
1980 12 26 

1980 12 2fi 

1900 12 30 

4 * 31 - 4 1 

1901 1 3 

1 981 -1- S - 

1901 1 7 

4981- 


—9 ^ 

1981 111 0*0 

-4-901 4 -13- - - 

1901 1 15 0*0 

4W 4 4 7- 0* 0- 

1981 1 19 0.0 

198-1 4-2-1 

1901 1 23 0.0 2444627.5 19 34.540 

4-90-1 - 1 -25 0.0 24-4462-9.-5— 1-9 —4-4 * 07-7— 

1901 1 27 0.0 2444631.5 19 47.393 


Q-w-Q- 2 4 4 4 5 0-4^-5-1 5-3-7.604— 
0.0 2444503.5 IS 50.148 

0^0 24 44 5 6 5 . 5 1 6 3 . 226 — 

0.0 2444S87. 5 !6 16.549 

0.0 244468 9.-5~l-< 

0.0 2444591.5 16 43.018 

O . 0 - 2 444 593. 5 -1-6 
0.0 2444595.5 17 0.333 

O.o' 2444599.5 17 32.005 
0 »-©— 

0.0 2444603.5 17 53.926 

5 — 1 8 - — 4 . 24 - 6 — 


-4-o 0639 O e. 34 21 


-21 54.71 
"23 — 1 -4- . 33 


1 5 51 
- 1 6 -S . 


968 

- 074 - 


-22 0.22 

■ £3 - 4 8 d34 - 


-24 17. BO 


-26 1.51 


-27 1 1. 39 
- 27 35 . 80 


16 19,415 
-3U763- 

16 44,923 
.7 83 

17 10.26S 
17 33 # 323 


-24 2 2 o 27 


26 4.66 

4 3 . 0 4- 


-27 13.66 


1 ,1259 
WU 054 - 
1 ,2419 
1 , 2 955 
1 ,3464 
1 O 3948 
1,4411 
- 1 o 4- QS6 



4^,98 -16^33 18 . 72 — -67V49- 

7.23 16,23 17,64 57.86 


-3-o-2 — 1-60 . 4- 
-5.7 182.2 


-27 54, 55 
— -8^12 
-28 17.25 1 

■2-6—22-^54 1- 


7,92 16.20 15.47 41.84 


8,71 16.35 13,58 

9. U) ±6^46 — 4- 
9.47 16,58 12,14 

Oo 17 16. B5 11.14 


-9.3 204,9 
10.-4 — 214-.4- 
30.65 -11,1 222.7 

23,34 -11.8 236.2 


1961 

1 

31 

0.0 

-1 931 

— 2 - 

- 2 - - 

- 0-0 — 

I 9 S 1 

2 

4 

o.o 

1901 

- 2 - 

6 — 

- 0.0 - 

1981 

2 

6 

0 .0 

1 981 

2 

l 0 

0 ,0 

1981 

2 

12 

0.0 

198 1 

2 

1-4 

0 ^, 0 — 

1 961 

2 

1 6 

0.0 

- 1-981 

2 

18 — 

0 -. 0 — 

1 961 

2 

20 

0.0 

-1984 

2 - 

2 - 2 - - 

- 0 -^ 0 — 

1961 

2 

24 

0.0 

1981 

- 2 - 

2 - 6 — 

0 -* O — 

1981 
- 1-90 1 - 

2 

26 

o 

0.0 
rt rs 

1961 

3 

^ 

4 

^ * V — r 
0.0 

- 1 - 0 - 84 * 

— 3 

6 

0^0 — 

1981 

3 

e 

0.0 





-20 -4-6-* 09-2— - 

2444643.5 20 21.321 

2444645.5 20 26,397 

2444647.5 20 31.326 
2 ^ 4 - 464 - 9 ^ 5 - 2 - 0 — 3 - 6 n . 1 20 

2444651.5 20 40.780 
-. 2 - 44 - 4653^-5 20 45 r 3 13 — 

2444655.5 20 49.724 

2444659.5 20 58.204 

- 2 44 46 6 4-^5 — 2-1 - 2 .2-80 

2444663.5 21 6.253 

►—24 -IrQ-m-l 26 — 

2444667.5 21 13.901 


-2b 39.67 
-24 21.78 
-2b 3,81 

-23^ 

■23 27.74 20 42,603 

■23 '9. 6-9 20 - 4 7 , 12 0 

■22 51.67 20 51.534 
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; », ~ ^ Ephemeris for Comet Encke (1980-1981) 
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Table 6 (continued) 

Ephemerls for Comet Encke (1983-1984) 


1984— 

1964 

-1- 

i 

— 3 
5 

O^O- 

0*0 

~_2A45702-.-5- 
2445704* 5 

-23- 

23 

_5*4L&5— 
6. 81 7 

3- 

3 

27.65 
34. 29 

.23. 

23 

6.816 

6.548 

3 

38*70 

45*35 

1-904 — 

-1- 

y 

0 .0 

24^ 5706* 5 

_2-3— 

8.6S4 

3. 

rt i , 6 8 

23 

1 ^ 82 

2 

52,77 

1984 

i 

9 

0.0 

2445708. 5 

23 

1 0*584 

3 

49. 83 

23 

1 2.31& 

4 

0.94 

1984 

1 

-1-1- - 

0*0- 

- ?4-4 5-7J-n^ ft — ? 3 — 17 



58, 72 

_2_3_ 

| a „ 349 
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13 

0.0 
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23 
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: -'4 

8* 33 

23 

1 6.479 

4 

19,49 

1964 
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1 5 

0.0 
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23 

1 6-971 

A 

? a. a? 

2 3 

1 A- Tftft 

4 
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1904 

■l 

1 7 

0.0 

2445716. 5 

23. 

1 9.294 

4 

29,71 

23 

21 .025 

4 

40.91 

4-9g 4 

i 
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0*0- 

-244571 P,m 5 

2 3 

21-711 

4, 
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1984 

l 

21 

0.0 

244 5720. 5 

23 

24*223 

4 

S3* 87 

23 

25.957 

5 

5.12 

1984 
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23 

0.0 

2445722. 5 

g 3 

-2-6-*- a 30 

5 

^ Qft 

2 3 

2 R t ft Aft 

5 

1 8.24 

1984 
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25 

0.0 

2445724. 5 

23 

29.534 

5 

20.75 

23 

31.26? 

5 

32,03 

1-934- - 

i 
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0.0 
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23 

3 2 , 3 

5 

■7 ft T 1 O 

2 7 
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_ 5 

4 6*49 

1984 
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29- 

0 .0 
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23 
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5 

50. 28 

23 
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6 

1.60 
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i 

31 

0.0 
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23 
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6 

6. 02 
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6 

17.36 

1984 

2 

2 

0 .0 

2445732. 5 

23 

4 1.324 

6 

22* 4 0 ~ 

23 
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6 

33.75 

1 984- - 

- 2- 

4 

0 .0- 
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• 
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23 

-46 * 2 62 - 


^0 0 7 A 
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23 
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3 3. 38 

23 

56. 4 7S 

1 
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1. 70 4 3 U61 19 1 4 * 73 1 9 . 7 2 
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1.5342 14, 
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-26. 1 


1 .70 18 

1 . 

48 10 

1 4. 36 
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60.07 

35* 13 

9.5 

26.8 
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45 70 

U.?fl 


A ft „ A3 

3 ft _ p ft 

0 -ft 

?7- ft 
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1 ft 

4 2 65 

14* 19 

19*48 
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0 _ ft 
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1 • 
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14.00 

19.39 

54*48: 

35. 75 

9,9 

29.9 

1 .6772 


34 23 

i 3 - o a 

1 O t 34 
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1 O 
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13. 80 
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^48.6 


0 19.352 


9 46.93 
445 8. 16. . 


1 .4361 
4 .4091 
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-U.JX 


SO. 9 
-S3* 1 
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Table 6 (continued) 

Ephemeris for Comet Encke (1983-1984) 


i oe 4— -4 8 

1 984 410 
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1984 4 ]4 
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-1964—4 20 
1984 4 22 
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16 ? 4 * 73 Q*BQS0„.0*38Q5 1(1* 4 8 17. 95 

16 39.41 0.8158 0.9148 10.67 18.00 
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17 1-8*18 — 0-.84.20- 
17 30*34 0*8488 


1 984 ._fi 3 0*0.-244.5854* 5 23_, UflC2_. 

1984 6 5 0*0 2445856.5 22 59.368 

1 £84 ...6 .7 0*8_ 244jSR5fl A _5 . 2? 56.735 

1964 6 9 0.0 2445860.5 22 53.895 

1984 6 M 0.0 2445862.5 22 50.64C 

1964 6 13 0*0 2445864*5 22 47.563 

1-984 — 6 15 0.-9 -244-586 6* 5 2 2 4 4* 0 61 

1984 6 17 0*0 2445868*5 22 40.327 

1984 6 19 0«-0 244 -50-7 O-®- 5 - 22 -36^3-6 1— 

1984 6 21 0.0 2445872*5 22 32.160 

1-904 6—23 0.0 244 5 &7-4*-5— 22— 

1984 6 25 0.0 2445076.5 22 23.064 

1*64 - 6 27 0*0-244567 8 * 5- 2 2— l-8-r 4 -8 1— 

1904 6 29 0.0 2445880*5 22 13.085 

19B4-- -7-- 1 0.0 -2445082.-5- 22 7-.^92— 

1964 7 3 0*0 2445004*5 22 2.319 


15 31, 92 23 16.00* 

16 4 5 *.62 ?3 ..L<UA4 1 

16 59.99 23 13.167 

1 9 15*11 23-11 .561 

19 31* 05 23 9.829 

IQ JO. L*- & 7 23 X^-3 5 

20 5.59 23 5.975 

-20..-2/U.24 23 -3*6 35 

20 43.-91 23 1 *206 


1984 

7 7 

0.0 

2445888. 5 

21 

50.913 

1984- 

-7- -9 

0-.-0 — 

—244^5890.-5 

21 

4 5.-0-30 

1964 

7 1 1 

0.0 

2445892. 5 

21 

39.061 


-20 43.-91 

-21 4*3J_ 

-21 25*70 

-21 47*94 

-22 10*98 
“ 22 3 4.-74— 
-22 59. 15 
- 23 24. 09- 
-23 49. 47 
—24 — l-S- , - 13 
-24 40*93 

-25 6^70 

-25 32.26 
— 2^>- 57V-42— 
-26 21.98 
-2 6 4 5 * 7 5- 
-27 8*55 

-27 50,52 


22 55.743 

22 52*594 
22 49.424 
-22—45^*9 2 9 
22 42.202 
22 3 8 v D 4 3 
22 34.051 
22 -29*6 26 
22 24*973 
-2-2 30 , 1 00- 
22 15.015 
-2 2 9* 7 3 3 
22 4*271 

21 5 8. 640 

21 52.689 

-2 1 4 7 - - . 0 1 3 
21 41.062 


-17 54,85 0 , B 599 

-IB 20 .65 0 *8676 

-18 74 ,06 n *8707 
-13 48*75 0*8729 

"1 9 3 *_8 8- — 0 8.746-. 

-19 19*84 0.6757 

-19 54,42 0*8767 

-2 0 3 2 o 70 0 *8764 

_-20 5 3_*24_ 0*8 7 6JQ_ 
-21 14*66 0.0755 

-21 36*95 0.6749 

-22 0*03 0*8745 

- 22 23, 84 0 u 8 7 4 1 

-22 48.31 0*3740 

-2 3 13 .32 0 * 87-44- 

—23 30.77 0*6747 

-24 30.41 0 *8772 

— 24 56 *- 2 8 0 v 6 79 4 

-25 21*95 0.8823 

-26 1 1 .92 0 *8905 

-26 58*78 0*9025 

— 2-7 - 2-0-*-50 0. 9100 - 

-27 41.07 0*9187 


1*0478 11*35 18*15 

1 * 0 7 99 1 1* 49 LB* 1 8. 

Ull 16 1 1.63 18* 21 


49*60 81*51 

52.07 7fl«5Q 

54.46 75.76 

56 *79 73.3 0 

59.08 71,02 

—61 * 32 68.91 

63.55 66*95 

-65*7.6 65.1-0- 

67.97 63*36 


1.11 16 1 1.63 18*21 72.39 60.11 

1,1 4 30 1 1 *76 1 ft * 2 3 74 *62 50 . 5ft 

1*1739 11.89 18.25 76.86 87*09 

1.2345 12.12 16,29 81*42 54*22 

1*? 5 4 ? 1 2,23 1ft., 3 0- 8 3* 74 52*81 

1*2936 12,33 18.31 86.10 51*42 

1 * 3 2 2 6 1 2* 43 1 8. 3 2-- .88*49 50* Q2_. 

1*3512 12.52 18.33 90*92 48*63 


1*3512 12.52 18.33 

-I.* 37 95 1 2 .61 1 8 *. 3J3_ 

1.4075 12*70 18*33 

1* 4 351 12*75 18* 3 3 
1*4624 12.86 18,32 

1,4994 12.94 10.32 
1*5161 13*02 18*31 

1 . 5 4 34 - 13 * 09 1 - 6 * 30 
1 *5605 13. 16 18.29 

1. 5 9 4 3 13.23 1 8* 20 
1*6198 13*30 18.27 

1 .646 1 13 ^- 7 1 8* 26 

1*6700 13.44 18.24 

-1 .69 48 J - 3 .- S 1 - 10 *^ 23 - 

1*7192 13*58 18*22 
4 »7 4 3 4 — l 3^. 65 1 8 • 23- 
1*7673 13*72 16 * 19 
1 * 7910 13*70 16 * 19 

1*3145 13*86 16.16 

1*3607 1 4 « 01 18,17 


95.91 4S.B2 

9 . B .* 4 7 44.39 

101*07 42*94 

103*73 41.49 

106,42 39*98 

1 - 09 o- 4 -7 3 8*4 7 - 

111*96 36*92 

-« 4 . e 0 — 35.35 
117,68 33,75 

123*57 30*40 

126 ^-SJZ 

129*60 27*11 

1 32*6 6 25 *4 0 - 

135.7 3 2 3.68 

4^38^62 2 U95 

141*91 20.22 

144 -p 9 8 - 1 8 * 51 -- 
148*04 16*81 


— 9 o 2 284*0 
--.9al 285* 1 

-8*9 286.2 

-8.6 288*1 
-8.5 289*1 
-8.4 289*9 
. -8.3 ^290.8, 
-8*1 291*6 



Table 6 (continued) 

Ephemeris for Comet Encke (19S3-1984) 


1 9 84- 7 1 3 0.0 2445894 .-5- 2 l~-3-3*-0^6— 2-8 9^44 2-4—35 * 0 4 9- 

1984 7 15 0.0 2445896.5 21 26.903 -28 26.73 21 

-1984 7 — 17 Ot0 244 58 98.5 21— 2 0 .9 33 2 8 4 3' . 4-0- 

1984 7 19 0.0 2445900*5 21 14.914 -28 56.35 

1 984 - 7- 2-1 0-.9-— 244590 2,-5 -2 1- -- 8. 95 

1984 7 23 0.0 2445904.5 21 3.091 

1984 7 26 -G-.0 2445906.-6-20 

1964 7 27 0.0 

-1984 7—29 0.0 

1984 7 31 0.0 

1964 8 — 2 

1964 6 4 

-1 964 —8 — -6 
1984 8 8 

1984 — 8— HI 
1984 8 12 

1984 614 

1964 8 16 

1964- - 8— 16 
1964 B 20 

-1-984 — B —22 
1904 6 24 

-1-984 8 26 

19 84 8 28 

1-9-84 8-30 

1984 9 1 


-23 17,64 5.9396 1.9060 14.17 18,17 154,01 13.52 -6.2 303.0 

-28 47.64 0.9654 1.9505 14.33 18.19 159.64 10.45 -6*1 303.9 

-29 10*66 0.9964 1.9941 14*49 18.22 164*55 7.80 -5.9 304.7 

—2 9 -1 9 . 53 1-.-Q4-38— ^ o 1 -- S6 — 1 4 . 57 16 . 2 -5— 1 64>„^2- 7 5 -5 ♦-9—3 0 5 • 1 


2 9.0 OB 
21 22 . 069 

21 16.962 

2 1 - 
-29 18.97 21 5.160 

4— -2 0 5 9.4-24 


-29 8.-55— 


244 5906. 5 
- 5 44 59 10.-5- 


-29 


20 53.824 -; 


-2- 9 30. 8 6 2-0 4 8.-3 92- 


2445912. 5 

0-.0 2 -4 4 594 -4-.-5- 

0*0 2445916.5 

0 , 0 24-4-594-8. 5 

0.0 2445920.5 


0.0 2445924.5 

0.0 2445926. 5 

0.0 2445928.5 

0.0 244-593 0-.-5- 

0.0 2445932.5 


20 51.735 
- 20 4 6.3 95 
20 41.042 -29 43.53 20 43.146 

2 9 4 5 .-70 20 38.103 

29 46. 46 20 33 . 2 64 


•29 26.68 
29 32 .4-6- 


1.0326 2.0369 14.66 


16.29 167.97 
18 .34 168 . 7 2 


5.97 

S . 5 4 


-5.8 305.4 

-5 . 7 305 . B 


-29 36.03 1.0740 2.D789 14.83 


0.0 2445936.5 

0*0— 244 59-38.-5 
0.0 2445940.5 

O-wO £44- 59 4 2 . 5 

0.0 2445944.5 


20 31.165 

20 

20 22.210 

-20 1 8,- 0 9 6 

20 14.230 
-20— l^.-61-l— 
20 7.236 

-20 4", 1 1~ 0 

20 1.223 

-58,5^2— 
19 56.152 

-IO.J 

19 51.979 
- 1 - 9 - 50 ,2 14 - 
19 48.652 


-29 44. 19 

-29 37.61 
-29 • 3 - 3 -.-09- 
-29 27.62 
-29 21 .59 


-29 14.98 

-29 7, B9- 

-29 0.39 

5 -5 2. 53 
-28 44.38 
-28-35. 98— 
-2e 2 7.40 


20 24.339 
20 JOu 320 
20 16.365 
-20 1 2, 7 50- 
2 0 9.3 80 

20 —6. 2 5 4 
20 3.369 

—BO 0 . 71 3 

19 58.299 
-4^—58* 1 03- 
19 54.1 26 


-29 39.34 


-29 37.42 
-20 3 4 .79 


-29 3 1,18 
- 29 2 6«-74- 


-29 2 1.48 

-29 9. 10 

-HO .. 

-28 54.72 
—2-3- -46-. -96— 
-23 3 8.89 
- 2 8 - 3 - 0 -.- B 8- 


1.1204 2.1201 
1 .14-5-5 — 2-.14 04 
1,1717 2.1606 
-1 . 1 994- 2 , 1 9 06 - 
1 .2276 2.2004 
1 . 257-1— 2. 22 00- 
1 .2377 2.2395 

-1- m3 193 2 .- 3& S- 7 - 


l ,3519 2.2779 
1 *3864 2,296 8 


1.4197 2.31 56 

1 .49 10 2. 3527 
— l-g - 6 - 27 B 2^3710 


15.01 
-1-5^T9 
15. 19 
1-5.-28 
15. 37 
1 5. 46 
t 5, 55 
- 1 - 6 . 6 4— 
15.73 
- 15 . 82 - 

15. 9! 

-l - 6 .^ 0O - 

16. 03 
16 . 17 


8.41 168.67 

1 67.438 — 
18. 57 166.46 

-1- 8 . 66 1 6 4 * 6 5— 
18.76 162.59 

16.95 158.09 

19.15 153.39 

19 . 2-5 — 1-5 


19.34 148,69 

19u44 1 4 6 . 36 


5. 51 
-5.83 
6.43 
— 7, 21 ■ ■■ 
e. 07 
6 . 98- 
r 9* 90 


1 3. 35 
14 , 12 


19.53 144.06 
■■ 1 .9, 62 1 44^- 7 8- 


14.85 

15.5 4- 


19 50.799 —26 22.07 1.5653 2.3892 16.26 


19,71 139.54 

-4-9. 8 0 — 1-37-^32- 
19.88 135.14 


THE ABOVE EPHEMERIS IS BASED ON the FOLLOWING ECLIPTIC ( 1950. oj orbital elements. 
YF? M-N — 0-Y HR J . O '. O E S 3 M E Q A- LQMEh^A 4- 


-5.7 306.2 
^5^6-4306.5 
-5,5 306,9 
•- 5 — 30 - 7 ^ 2 - 
-S.4 307.5 
- 307 -^9- 
-5.3 308.2 
►-2 — 3-Q-8*-&- 
-5.2 308.8 
-5.1 309, 1 
-5,1 309.4 

-5 , 0 309 , 7 


-4,9 310.0 
-4. 9 -34-0.3 
310.6 
--3 10.8 
311.1 


-1-984- 


>-7 -1-6. 5 244578-7, 1 i 



Although the 1977 apparition of comet Encke is a very poor one for observing, 
the ephemeris is included in the hope that a few astrometric observations will 
be successful. 

V. STATISTICAL ERROR ANALYSIS FOR COMET ENCKE (1980) 

The ORAN program (Hatch and Goad, 1973), developed by Wolf Research Corpor- 
ation, was employed in the present error analysis of comet Encke. The program 
was modified to include the nongravitational forces appropriate for comet Encke. 
Planetary perturbations were taken into account and the partial derivatives (ele- 
ments of the state transition matrices), relating the adjusted and unadjusted 
parameters at a time t to their initial conditions, were determined by numerically 
integrating their second derivatives. These variational equations were numer- 
ically integrated along with the equations of motion, 

Marsden and Sekanina (1974) have shown that five apparitions of comet Encke 
can be linked before the secular decrease in the nongravitational parameters 
begins to degrade the residuals. For the present analysis, the 5 returns to 
perihelion (1967-1980) are represented by forty actual observations from 
August 2, 1967 through October 24, 1973 and by 28 additional, postulated ob- 
servations from October 24, 1973 through November 16, 1980. One observation 
was processed at each of the 1978 and 1979 opposition dates and the 1980 re- 
covery of the comet was assumed to occur on July 9. The postulated observation 
schedule was determined after considering the relative sun-earth-comet geom- 
etries, the available hours of dark observing time as well as the apparent 
nuclear and total magnitudes for various dates. 

The error analysis was initialized in 1967 by a state vector and appropriate 
values for the nongravitational parameters. The initial a priori 8x8 covariance 
matrix was essentially infinite. Each set of observations was batch processed 
and the updated covariance was propagated forward in time via the state transi- 
tion matrix to the date of each observation. The time history of the comet’s 
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error ellipsoid is presented in Table 7. The first column represents the dates 
on which one ground based observation was taken. The next six columns rep- 

' Xv 

resent the 1-cr position errors (km) for the radial sun-comet direction (r) , 

< Xv 

the direction normal to the comet's orbital plane (n) , and the transverse 

Xv X^ Xv 

direction defined by the cross product of the first two unit vectors (T = n X r) . 
The columns headed by A , r and 6 represent the earth-comet distance 
in AU, the Sun-comet distance in AU and the Sun- Earth -comet angle in degrees. 
The a priori errors represent the forward propagation of the covariance 
matrix obtained by processing all observations from 1967-1979. Columns 5, 6, 
and 7 reflect the effect of each 1980 observation on the comet's error ellipsoid. 
The final ground based observation on November 16 reduces the o , o and a 
components to 416, 249 and 359 km. In the absence of further observations, 
the error components evolve dynamically; their magnitudes at any given time 
are due primarily to the comet's position in its orbit. In the absence of obser- 
vations, the radial a priori error component will generally reach a maximum 
value when the comet's radial velocity reaches a maximum. This will occur 
when the comet’s true anomaly is ±90°. For the 1980 apparition of comet 
Encke, these two points correspond to November 15 and December 27, 1980. 

In a similar fashion, the comet's along track position error will generally 
reach a maximum value when the along track velocity is largest - at perihelion. 
For the 1980 apparition of comet Encke, perihelion (and the largest, along 
track, a priori, position error) occur on December 6. 

Excluding the 1978 and 1979 opposition observations has a negligible effect 

upon the final intercept errors. However, by taking 1980 observations at 5-day 

intervals between July 9 and November 16, the errors on December 6th are 

reduced to 155, 186 and 660 km (a , cr , cr ) . These results underscore the 

r n T 

fact that while observations made during past apparitions define the mean mo- 
tion and the nongravitational parameters, it is the 1980 observations that con- 
tribute most strongly to the reduction of comet Encke's ephemeris uncertainty. 



Table 7 

Error Ellipse Components for Comet Encke (1980) 


Date 

1980-81 

A priori errors* 
(in km) 

1 

1980 observations 
Processed** 

(in km) 

A (a.u.) r 

8 (deg.) 

Comments 

cr 

r 

a 

n 


cr 

r 

ST 

n 


July 

9 

4168 

2130 

3239 

3352 

1926 

2471 

2.43 

2.33 

72 

Comet recovered 


19 

4338 

2084 

3275 

2917 

1737 

2012 

2,21 

2.23 

78 



29 

4521 

2036 

3327 

2572 

1567 

1683 

1.98 

2.13 

84 


Aug. 

8 

4718 

1985 

3399 

2271 

1406 

1426 

1.76 

2.03 

90 



18 

4933 

1936 

3494 

1992 

1249 

1213 

1.53 

1,92 

96 



28 

5169 

1894 

3617 

1644 

1146 

1026 

1.31 

1.81 

101 


Sept, 

7 

5429 

1876 

3769 

1469 

945 

836 

1.10 

1.69 

107 



17 

5717 

1921 

3952 

1217 

799 

710 

0.89 

1.56 

111 



27 

6040 

2117 

4146 

968 

658 

564 

0,69 

1.43 

114 


Oct. 

7 

6403 

2604 

4301 

724 

524 

427 

0.51 

1.28 

112 



17 

6811 

3480 

4347 

504 

400 

313 

0.36 

1.13 

103 



27 

7258 

4612 

4407 

387 

308 

264 

0.2S 

0.97 

77 


Nov. 

6 

7699 

5595 

5229 

391 

269 

273 

0.32 

0.80 

45 

true anomaly - -90° 












on Nov, 15 


16 

7893 

5683 

8023 

416 

249 

359 

0.47 

0.62 

29 

last comet observation 


26 

6628 

4481 

12910 

401 

234 

579 

0.70 

0.44 

23 


Dec, 

6 

399 

3477 

16833 

171 

243 

874 

1.00 

0.34 

20 



16 

6663 

3445 

13010 

315 

289 

827 

1.30 

0.42 

15 



26 

7880 

3452 

8789 

418 

359 

68S 

1.52 

0.60 

n 

true anomaly = +90° 












on Dec, 27 

Jan. 

5 

7627 

2946 

6527 

433 

412 

632 

1.73 

0.78 

10 



15 

! 7143 

2150 

5388 

426 

445 

642 

1.90 

0.95 ; 

11 



25 

6663 

1432 

4706 

414 

481 

677 

2.05 

1.11 

12 



*A priori, one-sigma errors (km) in the radial, normal and transverse directions. Last observation processed was 
mid-September, 1979. 

**Evolution of one-sigma errors (km) if one ground based observation is processed at 10 day intervals from July 9 
to November 16. Measurement noise 3 arc seconds. 




The importance of the 1980 observations is due primarily to the proximity of 
comet Encke and the earth during October and November, 1980; for a certain 
angular measurement error, the linear error decreases as the mutual distance 
decreases. 

The present error analysis of comet Encke assumes a 1-cr measurement 

noise of 3 arc seconds for both the right ascension and declination. This 

value is primarily due to the deviations of the comet’s center of mass from 

the observed center of light. The 3 arc second value is consistent with the 

mean residuals obtained for various orbit determinations for past apparitions 

of comet Encke. Due to comet Encke’s relatively high nuclear activity, the 

appropriate noise value is somewhat higher than for most other short period 

comets. The measurement noise for each observation is the same value, and 

the measurements themselves are assumed to be uncorrelated. This being 

the case, the only nonzero elements of the weighting matrix (W) are equal in 

value and aligned on the principal diagonal. If F denotes the conditional 

T o T 

equation matrix, the normal matrix F WF can be reduced to 1/a (F F) 

2 T -i 

and the simplified covariance matrix becomes O (F F) . Thus the covar- 
iance matrix is linear with respect to measurement noise. For example, 
although the current analysis has been undertaken using a measurement noise 
of cr= 3 arc seconds, one only has to multiply the error component entries 
in Table 7 by 2/3 to obtain the results for 0 = 2 arc seconds . 

From Figure 3 it becomes clear why the 1980 apparition of comet Encke 
is such a favorable one for a space probe mission opportunity. The recovery 
of comet Encke on 1980 July 9 (position 1 in Figure 3) seems easily attainable 
since the Sun-Earth-comet angle is 72 degrees, a fact that insures that several 
hours of dark observing time are available to northern hemisphere observatories. 
The apheiic opposition observation (Roemer, 1972) in mid-August, 1972, 
underscores the facility with which this comet can be observed if the observing 
geometry is favorable. Even more important than its early recovery oppor- 
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Figure 3. Earth-Comet Encke Relative Geometry in 1980. 
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tunity, is the excellent Earth-comet relative geometry in 1980. From the 
first observation (1980 July 9) to the last (1980 November 16) the geocentric 

longitude of the comet changes by nearly 180°. In addition, the geocentric 

( 

distance of the comet becomes less than 0.3 a.u. toward the end of 
October, 1980. The large change in the geocentric longitude of the comet 
coupled with the proximity of the Earth and comet in October and November 
allow an excellent orbital refinement in 1980. This refinement is demonstrated 
by the substantial improvement in the cometary position errors effected by 
taking observations at 5 day intervals in 1980 rather than the 10 day intervals 
used in Table 7. 

VI. CHECKS UPON STATISTICAL ERROR ANALYSIS FOR COMET 
ENCKE (1980) 

The statistical error analysis outlined in the preceeding section was based 
upon simulated or hypothesized observations. Each observation was assigned 
a measurement noise of 3 arc seconds. While this measurement error, due 
largely to deviations between the comet’s center of mass and its center of 
light, is the major error source, other neglected error sources are, undoubtedly 
present. In an effort to check the statistical results, it is prudent to analyze 
results obtained using actual observations of comet Encke. Tables 2 and 3 
present results obtained by processing past observations. 

As explained in Section. IV, AT is defined as the required correction to the 
comet's predicted perihelion passage time. The mean value for AT in 
Table 2 and its standard deviation is AT = 0.00423 ± 0.00094 day. We can 
take AT as an approximate upper limit to the a priori uncertainty in the . 
transverse position error at perihelion. The comet’s velocity at perihelion 
is approximately 6 X10 km/day so that, at peinhelion, AT corresponds to 
a linear, transverse, position error of 25,380 km. However, the majority of 
this error is due to the unmodeled secular decrease in the transverse non- 
gravitational acceleration. An empirical AT correction can be added to the 
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predicted time of perihelion passage to greatly reduce this error so that the 
standard deviation of AT can be utilized as an approximate lower bound to 
the a priori, transverse position error at perihelion. At perihelion, this 
standard deviation (0.00094 day) corresponds to an approximate linear, 
transverse position error of 5,640 km. In a sense, the upper and lower 
limits on a at perihelion are ’'observed” because they are based upon past 
prediction accuracies of comet Encke’s times of perihelion passage (Table 2). 
From Table 7, the statistical, a priori, transverse, position error at 
perihelion (1980 December 6) is 16, 833 km, a result that is bounded by the 
aforementioned "observed” upper and lower limits. 

Unlike the AT corrections, the corrections (Aq) required to bring predicted 

perihelion distances in line with the observed perihelion distances for comet 

Encke are not predictable. However an estimate of the "observed" upper 

and lower limit can be determined from the maximum and minimum values 

—6 

of Aq (determined from Table 3). These values are (8,9-0,6)X10 a.u 
or 1335-90 km. These "observed” errors bound the statistical, a priori 
radial, position error at perihelion (399 km from Table 7). 

From the statistical error analysis, the radial and transverse position errors 
after all 1980 observations have been processed are = 171 km and a ^ - 874 km 

for 1980 December 6 (see Table 7). These position errors correspond to an 

"6 

error in perihelion distance of 1.1 X 10 a.u. and an error in perihelion 

-4 

passage time of 1. 5 X 10 day. These results are compatible with the 

} 

standard deviations associated with the differential corrections to the perihelion 

distance and perihelion passage time. For example, the orbital solution over 

the 1961-1973 observations (Table 1, orbit #5) yields a standard deviation 
-6 -4 

of 0.94X10 a.u. and 1.07X10 day for the differential corrections to 
the perihelion distance and perihelion passage time. 
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